A first checklist of the vascular flora of vineyards belonging to the DOC area "Gioia del Colle" is presented. The area is located in centre of the Apulia Region in Southern Italy. In all, 186 species are reported. So far, literature has lacked any systematic data on the flora of vineyards.
INTRODUCTION
This research took place in the framework of a cooperative project between research institutes and actors belonging to the whole supply chain of wine production of the area of the DOC (controlled designation of origin, 'notification that a food product be produced within the specified region using defined methods and that it satisfy a defined quality standard') "Gioia del Colle" in Apulia Region, South Italy.
The ancient variety "Primitivo" arrived in Apulia from the Balkan area, on the other side of the Adriatic Sea, thank to the Illyric population. It was marketed in all of the Mediterranean area by the Phoenicians and its cultivation spread in different areas of Apulia. The first document about Primitivo is of 1700 when the priest Don Francesco Filippo Indelicati, of the church of Gioia del Colle, described this variety because he noted that although its buds burst late in spring, the clusters ripen in August, earlier than other varieties. Around 1820 the area of cultivation of Primitivo expanded and attained that of the current area in which the variety is become established. In the last thirty years the habit of cultivating this variety was modified and often it was replaced in the vineyards by more productive varieties. In more recent years, the cultivation of table grapes has started to compete for the same land but presently renewed attention is being paid to this ancient variety because of the high quality of wine it yields. Due to the changes in landscape context that occurred after all these trends we wish to verify possible impacts and changes in the flora communities (Gazzetta Ufficiale della Repubblica Italiana, 1987; Musci, 1919) .
Therefore, in order to investigate the on-field flora, 13 vineyards were monitored from 2013 to 2016.
STUDY AREA
The 13 vineyards are located in six different municipalities falling in the area of cultivation of "Primitivo" (Acquaviva delle Fonti, Adelfia, Conversano, Gioia del Colle, Santeramo in Colle, Sammichele di Bari), in the province of Bari in the Apulia Region (Southern Italy) (Fig. 1) . The altitudes included fall between 200 and 500 m a. s.l., the climate is of the Mediterranean semi-arid type characterized by hot and dry summers and moderately cold and rainy winters. Snow falls at least once a year, especially in the presence of cold air coming from the Balkans. The area is a calcareous highland with a geological substrate mainly consisting of limestones that date back to the Cretaceous period (about 130 million years ago). The typical Mediterranean vegetation of the area includes natural oak woods (mainly of Quercus trojana Webb) referred to Quercetalia pubescenti-petraeae Klika 1933, and evergreen scrubland referred to Pistacio lentisci-Rhamnetalia alaterni Rivas-Martínez 1975, rarer pastures and garrigues. 
METHODS
The study was carried out from 2013 to 2016, and was aimed at investigating the flora of 13 different sites inside the area of cultivation of the ancient variety "Primitivo di Gioia". The list of species was built on the basis of several surveys made for floristic analysis.
Plant analysis was focused on the ecological focus areas*, fields (cultivated surface; here vineyards) and green infrastructure (uncultivated surface, often under human influence: natural hedges, ecotonal belts with plant communities, ruderal habitats etc.). Species were determined according to Tutin et al. (1964-80) and Pignatti (1982) . Taxa nomenclature follows Conti et al. (2005) and subsequent integration (Conti et al., 2007) , except for the genus Aegilops L., for which van Slageren (1994), was adopted. The systematics of the families and their arrangement was made according to Peruzzi (2010) . The life forms were named according to Raunkiear (1934) , while the chorotypes follow the key proposed by . For species of conservation interest, different acronyms to indicate their vulnerability were used, i.e. VU: vulnerable; PI: phytogeographic interest; CI: Convention on International Trade in Endangered Species (CITES, 1973) ; (*) common to the four selected and explored olive groves.
In the case of non-native species additional information is indicated by the following categories: archaeophyte (non-native plant species introduced before 1492, i.e. before the era of European colonialism that followed the discovery of America, conventionally approximated to 1500); neophyte (non-native plant species introduced after 1492, i.e. conventionally after 1500, no more observed after 1950); invasive (a subset of naturalized species that spread quickly even at considerable distances from the original sources of propagules); casual occurences (non-native species that grow and reproduce spontaneously but do not form stable populations and depend on a continuous supply of new propagules provided by man) (Galasso et al., 2018) .
The acronyms related to the biological forms and chorotypes are reported in the Appendix.
RESULTS AND DISCUSSION
In all the vineyards, 186 taxa were recorded, including 155 species and 31 subspecies, belonging to 146 genera and 37 families of vascular flora. The three most represented families are Asteraceae (15.1%), Poaceae (14.5%) and Fabaceae (12.9%) with 79 species and * An Ecological Focus Area (EFA) is an area of land upon which agricultural practices that are beneficial for the climate and the environment are implemented. Since 2015, every farmer in the European Union who claims a direct payment and has more than 15 hectares of arable land is obliged to have 5% of his arable land covered by ecological focus areas. These are areas which bring benefits for the environment, improve biodiversity and maintain attractive landscapes (such as landscape features, buffer strips, afforested areas, fallowland, areas with nitrogen-fixing crops etc.). Some exceptions to this general rule apply, for example to farmers who have more than 75% of their area under grassland. The obligation to have 5% of land covered by ecological focus areas may be increased to 7% subject to a European Commission report in 2017 and a legislative proposal from the Commission. This obligation is one of three 'greening' measures of the Common Agricultural Policy 2014-2020-the others being the maintenance of permanent grassland and crop diversification. https://ec.europa.eu/agriculture/glossary_en#glossary-ehttp://ec.europa.eu/agriculture/glossary/pdf/index_en.pdf subspecies. The other families, each with 12 taxa or fewer, include the remaining 107 taxa (Fig. 2) . Many families count common species as compared with other sites in the Apulia Region (i.e. Perrino et al., 2013; Wagensommer et al., 2014) .
Asteraceae and Fabaceae are the two most representative families in the fields (45.7%) (Fig. 3) , while in the green infrastructure Fabaceae is replaced by Poaceae, wherein Asteraceae and Poaceae (29.2%) (Fig. 4) reach lower than the fields. This small difference (16.5%) between the two surveyed areas, may be explained by assuming that the flora of the green infrastructure may be influenced more by the flora growing in the natural neighboring habitats.
Sixty-two taxa, 33.3% of the entire flora, are common to fields and to green infrastructure areas, and 75.8% of them are therophytes (T). The analysis shows that therophytes, with a presence of 65.6%, are significantly dominant within the group of life forms (Fig. 5) . This dominance was expected because annual species are prevalent in bioclimatic regions characterized by hot and dry periods with very short growing seasons and because therophytes are more competitive than other biological forms in habitats prone to human-induced changes (Raunkiaer, 1934) . Therophytes are followed by hemicryptophytes (H) with 21.5%, while geophytes (G) and phanerophytes (P) account for 5.9% and 3.8% respectively. The occurrence of the other life forms, such as chamaephytes (Ch) and nanophanerophytes (NP), both of which account for 1.6% of the total, is very low. The comparison between fields (Fig. 6 ) and green infrastructure (Fig. 7) shows that the therophytes are dominant on other biological forms, both in the fields (77.1%) and in the green infrastructure (64.6%), but in the last the therophytes have a significant decrease to 12.5% in favour of perennial species (H, P, G, Ch, NP). In fact, in seminatural environments, perennial species have a competitive advantage over some species of therophytes and altogether increase from 22.9% to 35.4%.
The chorological spectrum (Fig. 8) shows that the Mediterranean stock (see sub-total) is well represented (50.5%) and it is a little lower than the one known for Apulia flora (52.0%) (Marchiori et al., 2000) . It is worth mentioning the dominance of Euro-Mediterranean species (23.7%) over other Mediterranean types, that enclose the species centered on the Mediterranean coasts and coinciding with the area of the vineyards. In particular, the eu-Mediterranean type reaches 24.2% in green infrastructure and 22.9% in the fields and it is considerably higher than the steno-Mediterranean type, 10.0% higher in fields and 13.5% higher in green infrastructure) (Figs. 9, 10) . Figs. 8, 9 and 10 show also that Eastern Mediterranean range reaches high values, especially at field level where it has the same percentage as the steno-Mediterranean type. The presence of Mediterranean stock in the fields (48.6%) is slightly different from that in the green infrastructure (51.1%) due to the major contribution of species with wide distributions in the fields. There is no species of Northern Mediterranean range, the type listed in olive groves .
Taking into consideration the other chorotypes, out of the total species recorded, the prevailing species are those with a wider distribution (19.9%), their percentage being higher in the fields (22.9%) than in the green infrastructure (20.2%), as already seen in olive groves , but in this case with higher percentages. Other chorotypes less present but still worthy of consideration, both in the fields and in the ecological focus areas, are the Paleotemperate (6.5%) and the Eurasiatic (4.8%) ones. Their percentages change little when the fields (from 4.3% to 7.1% respectively) or the green infrastructure are being considered (from 6.2% to 5.1% respectively). The following four chorotypes (Atlantic Mediterranean range, Euro-Siberian, European s.l., Paleo-Subtropical and Subtropical) show variable percentages going from 0.0% (occurring for European s.l.) to a maximum of 4.3% (as for Eurosiberian s.l.) always in the fields. It worth noting that the Euro-Siberian entities range from 4.3% in the fields to 1.7% in the green infrastructure. The Atlantic Mediterranean range, Euro-Siberian, European s.l., Paleo-Subtropical and Subtropical types considered as a group reach 8.1%, lower than the 19.4% observed in the olive groves . The remaining chorotypes reported in the table as "others", appear to be more present in the green infrastructure (9.6%) than in the fields (7.1%).
The percentage of the Eastern Mediterranean type (10.0% in the fields, and 8.4% in the green infrastructure), reminds us of what has already been observed in olive groves and the correlation with the flora of the eastern geographical areas (Perrino et al., 2011) , but in this case with a more remarkable contribution of the Euro-Mediterranean type than of the steno-Mediterranean.
In the course of the analysis of vineyards, only five non-native species (Galasso et al., 2018) were found (Tab. 1). Of those, Bidens bipinnata, Pisum sativum, and Triticum turgidum were not listed before in other Apulian vineyards or olive groves for which literature data have been reported. In particular Bidens bipinnata is a neophyte taxon, which spread in recent years, due in particular, to its achens which anchor on workers' clothes and are difficult to remove and spread later on, giving rise to many problems for growers. The presence of Triticum turgidum is due to segetal species in neighboring areas. Two more non-native species were found, probably as a consequence of cultivation and of other agricultural practices: Amaranthus retroflexsus and Erigeron canadensis.
Tab. 1. Non-native species found in the vineyards.
Taxon Introduction Status in Apulia region

Amaranthus retroflexus
Archeophyte Casual occurences
Analysis of taxa of conservation interest
The results show the presence of the following taxa of conservation interest.
Allium atroviolaceum Boiss. [VU] . Place: Adelfia (Bari). Habitat 92/43/EEC: not identified. Mediterranean-Turanian species reported as having vulnerable (VU) status for the Apulia region (Conti et al., 1997) . Its distribution in the Italian peninsula is limited to the Apulia, Basilicata, Abruzzo and Molise Regions (Conti et al., 2005) . Its presence was reported in many places of the Apulia Region (i.e. D' Amico et al., 2003; Perrino & Signorile, 2009 ). There will probably be a greater spread at regional level. In the present study the species was observed only in the ecological focus areas of Adelfia grapevine.
Quercus trojana Webb subsp. trojana [PI] . Place: Conversano (Bari). Habitat 92/43/ EEC: Quercus trojana woods (code 9250). Mediterranean species with a northeastern range. In Italy it is reported only for Apulia and in the Basilicata Regions (Conti et al., 2005) . It is apecies of phytogeographic interest whose habitat is protected by Directive 92/43 EEC (European Commission DG Environment, 2007; Biondi & Blasi, 2009 ). The monitoring of this habitat is suggested in a recent contribution (Perrino & Fanelli, 2016) . 
FLORISTIC LIST Monocotyledones
MAGNOLIIDAE
ORCHIDACEAE
Ophrys incubacea Bianca -G -Ms -CI 
CONCLUSION
Studying the flora of vineyards will enable us to build a database to provide a tool for improving the conservation of the agro-biodiversity of such agro-ecosystems.
The results of the present study constitute the first analytical information on the vineyards' flora; such data are important as they contribute to an increase in the knowledge about the functional biodiversity required to support a more sustainable agriculture.
Present data suggest the need to extend the study to other vineyards of the Apulia region, to other regions of Italy and to the Mediterranean basin, in order to have a more comprehensive picture of the vascular flora and further improve our knowledge of vineyards' agro-ecosystems.
Appropriate planning of agricultural practices and sustainable management of the vineyards would help in meeting environmental goals as well as in considering the economic and social aspects linked to production, meeting the proper conservation requirements of the related ecosystems.
